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FOFEWORD 

The test described herein was 
conducted under NASA ApoVo contract 
HAS 9-150. 
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This report was prepared by A. 
Oillies of the Wind Tunnel Test U n i t ,  
Space ssld Information Systems Division, 
of Morth American Aviation, Inc. 
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ABSTRACT 

This report presents test results of 
0.045-scale Apollo force model, FS-3, i n  
the A tunnel of t h e  AEDC vonKarman Gas 
Dynamics Facility a t  Mach numbers from 
3.0 t o  6.0. 
and model installation is  given along 
with tunnel operating conditions. Force 
and moment data are presented i n  tabular 

A description of the m o d e l  

and plotted form. 

This report presents basic w i n d  
tunnel test data only i n  order t o  make 
the t e s t  results available at  the 
ear l ies t  possible date. Analyses and 
summary of results will be reported 
l a t e r  under separate cover. 
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I* INTRODUCTION 

A p o l a o  Force Model FS-3 was tested in 
the AEDC vonKaman Gas Dynamics Facility 
(m) tannal A during the periods 17 Bo 26 
July 1962. 

The purpose of the test was to  investigate 
the basic aerodynamic characteristics of the 
lauach escape system and of the command module 
done in the Mach nimaber range of 3.g to  6,O 
and Reynolds numbers 0.4 to  4.5 x 10 . 

-1- 
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11. MODEL DESCRIPTION 

General 

The model tested was an 0.045-scale model of the launch escape system 
and of the command module alone. 

Ten command modules were used. They are  identical escept for  t h e  
angle between the module axis of symmetry and the centerline of the 
balance cavity. The different modules were used t o  obtain an angle of 
attack coverage of -10 t o  60 degrees for the launch escape system, and 
-10 t o  +190 degrees for  the command module alone. 

The model was designed and fabricated by NAA. 
a l i s t i ng  of parts used and pertinent drawing numbers. 
photographs are shown in Appendix B. 

Refer t o  Table 1 for  
Typical model 

Command Module 

The configuration (C,) tested is shown i n  Figure 1. The location 
of the reference center of gravity is shown. 

Launch Escape System 

The launch escape system, (E T C ) tested is  shown i n  Figure 2. 
35 19 2 

Table 1 Model Nomenclature 

Symbol Description Drawing Number Par t  Nunber(s) 

Escape Motor NAA 712141063 -16, -17, --u 9 5  
T19 Tower Structure NAA 7121-01063 4, -n 
c2 Command Module NAA 7121-01063 -1through -10 

-2- 
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III. ~ T R ~ A T I O N  

Force Measurement 

Force and moment data were measured with the VKF water-cooled A-ll 
balance. Three balance calibrations were used as follom: 

1 - F'ull-rated loads, normal orientaticm 
2 - Half-rated loads, nosmal orientation 
3 - Half-rated loads, balance rolled 90" 

such that the side force elements were 
measuring normal force 

The balance orientation and ca l ib ra tbn  used for  any group is  indicated 
on the tabulated data. 

The balance protruded beyond the model base and was enclosed bi a 
windshield (NAA Drawhg 7121-01062-5) . 

Pressure HeasuPement 

The ba.lmce chamber pressure and the pressures on the windshield at 
the baee of the model were measured and are tabulated With the force data, 
Figure 3 shows the location of the orifices. 
corrected using the cavity pressure. 
uncorrected force auzd moment coefficients are tabulated i n  Appendix A. 

The balance force data was 
The force correction and the 

Flow Visualization 

Schlieren photographs were taken in the  model n o d  plane at 
approximately 20 degree intervals. 
are shown in  Appendix B, 

Examples of the Schlieren photographs 

-5- 
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IV. OPERATIRG CONDITIOATS 

Flow Conditions 

The following f low conditions are nomiRal values. Exact conditions 
axe indicated in the data for each data point. 

Reynolds Number 
based on command 

Mach Number module diameter Pressure. psi  

Launch Escape System 

3 .Q 
4.0 
5.0 
6.0 

6 4*5 x 10 
3*5 
0.7 
0*4 

2.7 x 10 6 
*7 

4.0 2.4 
5 *O 2.1 
5 *O *7 
6,O 1.9 

5.5 
1.6 
3.8 
2.6 
0.8 
1.8 

-7- 
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VI. TABULAR DATA 

Data Reduction Constants 
2 Reference area = 37..71-86 in. 

Reference length = 6.93 in. 
Reference center of gravity: 

ComtuaM Hodule 
Z/d = 0,68564 (a f t  of module apex) 
5/d = 0.05990 

Launch Escape System 

Z/d = 0,0440 
Z/d = - 0.3156b 

Index t o  Tabulated Data 

A key t o  the tabulated data is shown i n  Figure 4. The following 
nomenclature was used, 

CA 

cD 

cL 

Po 

9 

Re/l 

TO 

Axial force coefficient 

Drag coefficient 

Balance axial force correction for cavity pressure 

L i f t  Coefficient 

Pitching moment coefficient 

Normal force coefficient 

Pressure coefficient; (see Figure 3 for  location code) 

L i f t  t o  drag ra t io  

Stagnation pressure, psi  

Dynamic pressure, psi  

Reynolds number, per inch 

Stagnation temperature, degree F 
* I  

i 
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Center of pressure, measured from the apas along the 
axis of s w t q  

Angle of attack, degree 

Balance - model angle, degree 

x@P/d 

Subscripts 

A 

2 

Referenced to the ccmmnd module apuc 

Referenced to a center of gravity position with (E/d)2 = - (i/d) (for angles of attack between 180 and 300 degrees) 

U Uncorrected for balance cavity pressure 

-10- 
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